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a b s t r a c t
Background: In case of the lack of matched family donors (MFD), hematopoietic stem cell
transplantation (HSCT) from unrelated donor (UD) is an established procedure for many
acquired and congenital disorders of the hematopoietic system, including malignancies
and bone marrow failure (BMF) syndromes. Objective: The analysis of the results of
HSCT in patients with acute leukemia or BMF syndromes from UDs with respect to
human leukocyte antigen (HLA) match. Patients and methods: A total number of 97 of
HSCT from UDs performed in single center between 2007 and 2015 in children and ado-
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analyzed at the allele level and classified as 10/10, 9/10 or 8/10. Data were compared to
results of 56 MFD-HSCTs. Probability of overall survival (pOS) was given for 3-year and
1-year (as required by JACIE standards) time periods. Results: The mean survival for all
patients estimated by Kaplan–Meier method was 4.8 years (95%CI = 4.1–5.5 years). The
3-year pOS after all UD-HSCT was 0,60  0,05, and with respect to 10/10, 9/10 and 8/10
HLA match: 0,61  0,06; 0,59  0,09 and 0,60  0,22, respectively (ns). In patients with
AML, 3-year pOS reached 52%, 60% and 60%, respectively. In patients with ALL, 3-year pOS
was 73% and 62% (ns) for 10/10 and 9/10 HLA match, respectively, while for BMF syndromes
86% and 57% (ns), respectively. Conclusion: Current data suggest that results of mismat-
ched and matched UD-HSCT in children with acute leukemia might be comparable.
© 2017 Polskie Towarzystwo Hematologów i Transfuzjologów, Instytut Hematologii i
Transfuzjologii. Published by Elsevier Sp. z o.o. All rights reserved.
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By the end of 2012, more than 1 million transplants has
been done at 1516 transplant centers in total 75 countries
performing HSCTs [1]. The number of allogeneic trans-
plantations performed in Poland in 2015 was 605 includ-
ing 411 from unrelated donors (UD), 169 from (MFD), and
25 haploidentical transplants [2]. In our Department we
had started transplant program with MFD allogeneic
HSCT in 2003, autologous HSCT in 2004 and UD-HSCT in
2007 [3].
Allogeneic hematopoietic stem cell transplantation
(HSCT) remains a curative option for children with high risk
and advanced acute lymphoblastic (ALL) and myeloblastic
leukemia (AML) and bone marrow failure syndromes (BMF).
For patients who lack a human leukocyte antigen (HLA)
matched family donor (MFD), a transplant from an alter-
native donor remains the best therapeutic options. Over last
decade HSCT from UD has become an established method
of treatment for refractory blood diseases, with the aim of
achieving long-term survival.
HLA match between donor and recipient is a major factor
contributing to success of HSCT and the use of an HLA 10 of
10 allele-matched UD is obviously recommend worldwide.
High-resolution HLA-matching significantly impacts out-
come and also may predict for non-relapse mortality and
overall survival (OS).
This is however not possible in all UD-HSCT. If such
a donor is not available, any single-allele or multiple-allele
(HLA-C, -DRB1, -DQB1) mismatched donor out of 10 HLAs is
acceptable as an UD for patients with severe aplastic
anemia [4]. In patients with ALL, AML, and myelodysplastic
syndromes (MDS) matching for HLA-A, -B, -C, and -DRB1
alleles (8/8 match) was associated with better survival at
1 year compared with 7/8 HLA-matched pairs [5, 6]. HLA-C
antigen mismatch was associated with worse outcome in
UD peripheral blood stem cell transplantation, however HLA
mismatch was not associated with relapse or chronic graft-
versus-host disease (GVHD) [5].
The objective of this study was the analysis of the results
of stem cell transplantation in patients with acute leukemia
or BMF syndromes from UD with respect to HLA match in
single pediatric center.Methods
Patients
Between 2003 and 2015 a total number of 318 transplants
were performed in our Department, including 186 allo-HSCT
and 132 auto-HSCT. Program of HSCTs from UD has begun in
2007. All transplants performed for patients with ALL, AML,
MDS or BMF/SAA from UD between 2007 and 2015 in our
Department were included in this analysis. Transplants
performed with cord blood were excluded from this analysis.
Demographics
The number of UD-HSCT performed for ALL, AML/MDS or
BMF/SAA was 97, including 43 for ALL (25 in complete
remission CR1, 18 CR  2), 40 for AML/MDS (AML: 13 CR1, 18
CR  2, 3 secondary AML; MDS: 3 JMML, 2 RCMD, 1 RAEB)
and 14 for BMF/SAA (11 acquired SAA, 1 PRCA, 1 Fanconi
anemia, 1 Schwachman-Diamond syndrome). A second or
subsequent transplant was performed in 12 cases (3/18
AML-CR  2, 8/18 ALL-CR  2, 1/2 MDS-RCMD). The recipients
of transplants were males in 67 transplants and females in
30 cases. The median age of transplant recipients was 10.5
years (range: 0.8–22 years). The source of hematopoietic
stem cells was peripheral blood in 75 patients (77%), and
bone marrow in 22 patients (23%). The median follow-up
was 1.4 years (range: 0.1–7.6 years).
Transplant procedures
Patients underwent HSCT according to procedures described
previously [3] and standard infectious prophylaxis were used
[7–9]. Cyclosporine  methotrexate were used for GVHD pro-
phylaxis. In all patients in vivo T-cell depletion was performed
before UD-HSCT with rabbit ATG (Genzyme) in total dose
8 mg/kg for 9/10 HLA match and in dose 12 mg/kg for 8/10
HLA match. The follow-up was censored at 29 February 2016.
HLA typing
High-resolution DNA-based 4-digit typing was performed for
5 pairs of loci: HLA-A, -B, -Cw, -DRB1 and -DQB1. HLA match
a c t a h a e m a t o l o g i c a p o l o n i c a 4 8 ( 2 0 1 7 ) 4 8 – 5 350between donor and recipient was analyzed at the allele level
and classified as 10/10, 9/10 or 8/10.
End points
OS was set as the primary end point. OS was defined as
time from transplantation to death or last follow-up. Neu-
trophil recovery was defined as an absolute neutrophil
count (ANC) of at least 0,5 G/L for three consecutive days.
Platelet recovery was defined as a count of at least 20 G/L
without platelet transfusion support for 7 days. Acute GVHD
(aGVHD) was defined in accordance with standard criteria.
Chronic GVHD (cGVHD) was evaluated in patients surviving
for more than 100 days after allo-HCT and was classified as
limited or extensive type.
Statistical analysis
Probability of overall survival (pOS) and probability of
event-free survival (pEFS) was calculated using the Kaplan–
Meier method and compared with the log-rank tests. Mean
survival was also determined by Kaplan–Meier method,
with 95% confidence interval (CI). Rate of survivors in
analyzed time periods was compared with chi-square test.
All p-values are 2-tailed and considered statistically signifi-
cant if the values were less than 0,05. All statistical
analyses were performed using the SPSS23 software (SPSS
Inc, Chicago, IL, USA).
Results
Engraftment
The cumulative probabilities of neutrophil and platelet
recovery were 91.6% and 78.5%, respectively. The median
time to neutrophil recovery (ANC > 500) was 19 days (range,
10–29), while the median time to platelet engraftment
(platelet count >20 G/L) was 15 days (range, 10–65).
Graft-versus-host disease
The cumulative probabilities of aGVHD and extensive
cGVHD were 17.7% and 5.4%, respectively: 19/97 (19.6%)
patients developed aGVHD grade II or higher, including 11
(11.3%) with grade III or IV, while 4/72 (5.5%) evaluable
patients developed extensive cGVHD.Table I – Results of HSCT with respect to HLA match
Diagnosis Probabil
HLA 8/10 
Acute lymphoblastic leukemia – 
Acute myeloid leukemia 0,60  0,22 (3/5) 
Bone marrow failure syndromes – 
Total 0,60  0,22 (3/5) 
Number of surviving and all patients with respective diagnoses are provMortality
A total of 63/97 (64.9%) transplants were not associated with
mortality at the time of this analysis. A thirty-four patients
(35.1%) had died due to transplant-related complications
(n = 26) or disease relapse/progression (n = 8). The cumula-
tive probability of transplant related mortality (TRM) was
24.7% (24/97) at one year: 18 patients (18.5%) died within the
first 100 days post-HCT, including 1 patient (1%) who died
before day 30.
OS and event-free survival
The mean survival for all patients estimated by Kaplan–
Meier method was 4.8 year (95%CI = 4.1–5.5 years). pOS after
all transplants was 0,60  0,05. Taking all patients together,
pOS after allo-HSCT with 10/10, 9/10 and 8/10 HLA match
was 0,61  0,06; 0,59  0,09 and 0,60  0,21, respectively
( p = 0,912) (Table I). In patients with AML, 3-year OS
reached 52%, 60% and 60%, respectively. In patients with
ALL 3-year OS was 73% and 62% for 10/10 and 9/10
HLA match, respectively, and for BMF syndromes 86% and
57%, respectively. No differences were observed in OS
between patients transplanted before the end of 2012 and
afterwards (Fig. 1). Respective values for pEFS are presented
in Table II.
Transplant-related mortality
Out of total number of 97 transplants, in 34 (35%) cases the
treatment was unsuccessful. Treatment-related deaths
occurred in 22 (22.7%) cases, including 2/5 (40%) patients
with 8/10 HLA-matched HSCT, 8/30 (26.7%) patients with
9/10 HLA-matched HSCT, and 12/62 (19.3%) patients with
10/10 HLA-matched HSCT. The number of progression-
related deaths in patients with acute leukemia was 12/83
(14.5%), including 4/43 with ALL (2/13 in 9/10 HLA-matched
HSCT; 2/30 in 10/10 HLA-matched HSCT) and 8/40 with AML
(0/5 in 8/10 HLA-matched HSCT; 2/10 in 9/10 HLA-matched
HSCT; 6/25 in 10/10 HLA-matched HSCT). The causes of
treatment-related deaths 2 patients with 8/10 HLA-matched
HSCT included: PTLD (n = 1) and sepsis with multi-organ
failure (MOF) after primary graft failure (n = 1). The causes of
treatment-related deaths 8 patients with 9/10 HLA-matched
HSCT included: septic shock with MOF (n = 3), pneumonia
(n = 3) with CMV or fungal infection, post-transplant lym-
phoproliferative disorder (PTLD) (n = 1), and brain-stemity of 3-year overall survival p
HLA 9/10 HLA 10/10
0,62  0,13 (8/13) 0,73  0,08 (22/30) 0,562
0,60  0,15 (6/10) 0,52  0,18 (14/25) 0,975
0,57  0,19 (4/7) 0,86  0,13 (6/7) 0,258
0,59  0,09 (18/30) 0,61  0,06 (42/62) 0,912
ided in parentheses.
Fig. 1 – Results of HSCT with respect to HLA match: (A) in AML, (B) in ALL, (C) in all patients together, (D) in all patients together
with respect to period of transplantation
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deaths 12 patients with 10/10 HLA-matched HSCT included:
septic shock with MOF (n = 3), pneumonia (n = 4) with CMV
or fungal infection, PTLD with MOF (n = 2), GVHD with MOF
(n = 2), sinusoid obstructive syndrome (SOS) with MOF
(n = 1).
One-year OS and event-free survival: comparison to other types
of transplant. According to recent version of JACIE standards
requirements, one-year survival rates were calculated and
compared to other types of transplants performed in our
center. One-year survival for all 318 patients transplanted inTable II – Results of EFS with respect to HLA match
Diagnosis Probabilit
HLA 8/10 
Acute lymphoblastic leukemia – 
Acute myeloid leukemia 0,60  0,22 (n = 5) 
Bone marrow failure syndromes – 
Total 0,60  0,22 (n = 5) 
Number of all patients with respective diagnoses are provided in parentour center between 2003 and 2015 was 0,768  0,024; for
allo-HSCT 0,710  0,034, and for auto-HSCT 0,850  0,032.
Estimated 5-year pOS after all allo-HSCT performed between
2003 and 2015 in our Department was 0,62  0,04. With
respect to HLA donor match in HSCT from UD, 1-year
survival was 0,709  0,052; 0,629  0,094 and 0,600  0,219 for
10/10, 9/10, and 8/10 HLA match, respectively. Results of
probability of 1-year OS and probability of 1-year event-free
survival for patients with ALL, AML/MDS and BMF/SAA
transplanted either from MFD or from UD are shown in
Tables III and IV.y of 3-year event-free survival p
HLA 9/10 HLA 10/10
0,62  0,13 (n = 13) 0,73  0,08 (n = 30) 0,562
0,40  0,16 (n = 10) 0,33  0,11 (n = 25) 0,826
0,57  0,19 (n = 7) 0,86  0,13 (n = 7) 0,258
0,52  0,09 (n = 30) 0,57  0,06 (n = 62) 0,716
heses.
Table III – One-year survival
Diagnosis MFD-HSCT UD-HSCT Total
Acute lymphoblastic leukemia 0,68  0,10 (n = 23) 0,72  0,07 (n = 43) 0,71  0,06 (n = 66)
Acute myeloid leukemia 0,84  0,08 (n = 19) 0,61  0,08 (n = 40) 0,68  0,06 (n = 59)
Bone marrow failure syndromes 0,92  0,07 (n = 14) 0,66  0,13 (n = 14) 0,78  0,08 (n = 28)
Total 0,79  0,05 (n = 56) 0,67  0,05 (n = 97) 0,71  0,04 (n = 153)
Number of patients with respective diagnoses is provided in parentheses.
Table IV – One-year event-free survival
Diagnosis MFD-HSCT UD-HSCT Total
Acute lymphoblastic leukemia 0,54  0,11 (n = 23) 0,70  0,07 (n = 43) 0,64  0,08 (n = 66)
Acute myeloid leukemia 0,79  0,09 (n = 19) 0,56  0,08 (n = 40) 0,63  0,07 (n = 59)
Bone marrow failure syndromes 0,92  0,07 (n = 14) 0,66  0,13 (n = 14) 0,78  0,08 (n = 28)
Total 0,75  0,06 (n = 56) 0,65  0,06 (n = 97) 0,66  0,06 (n = 153)
Number of patients with respective diagnoses is provided in parentheses.
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In this study we analyzed results of transplants from UD
performed in our center in children and adolescents with
acute leukemia or BMF syndromes with respect to HLA
match. In this small series of children we have shown that
OS might not significantly differ with the respect to the level
of HLA match, however current literature data demonstrate
that still the level of HLA mismatches may, together with
other factors, demonstrate impact on results of UD-HSCT.
The UD-HSCT results could also be compared with those
performed from MFD-HSCT. Probability of 3-year overall
survival (pOS) after all transplants from UD shown in this
study was 0,61  0,06, while 3-year pOS after all MSD-HSCT
performed between 2003 and 2015 in our Department was
0,73  0,04 ( p = 0,044, data not shown). Application of trans-
plants from UD in our center in 2007 has enlarged therapeu-
tic possibilities for our patients. Since pediatric patients are
expected to live for a long time after HSCT and the recent
data have not shown any positive correlation between
cGVHD and relapse in a landmark analysis of long-term
survivors with the exception of chronic myeloid leukemia
(CML) [10], the low rate of cGVHD in our series should also
be noted.
Over this period of time we faced also an international
trend in increase of the number of HSCTs from UD exceed-
ing number of transplants from sibling donors. With the
increase in the number of donors in Polish registries over
1 million in April 2016, nowadays most of our UD are from
Poland. However, even with high resolution typing of HLA
and better donor match, the risk of GVHD is higher in case
of transplants performed from UD than sibling donors; this
might lead to an increase in the risk of other complications
such as life-threatening infections. Thus, it is difficult to
indicate if transplants from UD improve the results of OS.
Still, the number of patients with transplant-related mortal-
ity is too high, and there is an international need in
improving supportive therapy for transplanted patients.Report from the leading Swedish center indicated three-
year OS in 2003–2013 for children with malignant disorders
to be 68% and for nonmalignant disorders 87% [11], while in
French center overall 5-year OS was 64% for children
transplanted between 2000 and 2010 [12]. The improvement
in outcome was also observed in our Department over the
analyzed period of 12 years, as the 5-year OS of patients
undergoing allo-HSCT before the year 2007 was 43%, what
shows growing experience and abilities of our transplant
team, both doctors and nurses [13]. Probability of OS of
HSCT patients in our transplant center showed results
comparable with EBMT centers. This is valuable achieve-
ment since nowadays more and more patients with more
complex diagnoses are being qualified for transplantation,
such as multiple-relapsed patients or those with advanced
disease or co-existing comorbidities. It is an international
trend that more and more patients are qualified for second
and subsequent transplant.
In summary, the presented results of HSCT obtained in
our center are comparable with those from major interna-
tional centers. One HLA mismatch between donor and
recipient is not an obstacle to perform transplant for
children with acute leukemia in terms of OS after allogeneic
transplant. Current improvement in HSCT outcome is
dependent not only on very good donor match but also
multidirectional and interdisciplinary supportive care.
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